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INVERTER AND INTEGRATED-INVERTER
ELECTRIC COMPRESSOR

TECHNICAL FIELD

The present invention relates to an inverter suited for appli-
cation to an electric compressor of a vehicle air conditioner
and to an integrated-inverter electric compressor in which the
inverter is incorporated.

BACKGROUND ART

Electric compressors in which an inverter that converts DC
power supplied from a power unit to three-phase AC power
and that applies the power to an electric motor via glass-
sealed terminals is integrally incorporated is employed as
compressors for air conditioners installed in electric cars and
hybrid cars. These integrated-inverter electric compressors
are generally configured such that an inverter accommodating
section (inverter box) is provided on the periphery of a hous-
ing that accommodates an electric motor and a compression
mechanism, in which the inverter is integrally incorporated.

The inverter includes high-voltage components, such as a
common mode coil, a normal mode coil, and a smoothing
capacitor (head capacitor) provided on power lines to reduce
noise; a power system board on which a switching circuit
constituted by semiconductor switching devices, such as
IGBTs, is mounted and which converts DC power to three-
phase AC power and applies the power to an electric motor;
and a control board on which a control and communication
circuit constituted by devices that operate at low voltage, such
as a CPU, is mounted and which controls AC power to be
applied to the electric motor, in which the power system board
and the control board are modularized and incorporated in the
inverter accommodating section on the periphery of the hous-
ing.

To improve the ease of installation in vehicles, it is prefer-
ableto reduce the size of integrated-inverter electric compres-
sors, as well as inverters, as much as possible. In such invert-
ers, electrical connections among the inverter module, the
smoothing capacitor, the normal mode coil, and the common
mode coil are generally made via a busbar assembly in which
a plurality of relay busbars are integrated (for example, see
Patent Literatures 1 and 2).

Furthermore, Patent Literature 3 discloses an inverter that
is made compact by using a thin ceramic capacitor or film
capacitor as a smoothing capacitor, accommodating it in an
inverter module in which a power system board and a control
board are integrated with the use of a module case, and pro-
viding a filter capacitor to reduce common mode noise on the
base of the module case.

CITATION LIST
PATENT LITERATURE

{PTL 1} The Publication of Japanese Patent No. 3827158

{PTL 2} Japanese Unexamined Patent Application, Publica-
tion No. 2003-322082

{PTL 3} Japanese Unexamined Patent Application, Publica-
tion No. 2004-335625

SUMMARY OF INVENTION
Technical Problem

However, a configuration using the relay busbar has the
problems of a complicated manufacturing process, such as
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the mounting process, due to an increase in solder portions,
restrictions in mounting the inverter in terms of insulating
performance (an increase in creeping distance), the influence
of the volume of the relay busbar itself on the size of the
inverter, a reduction in noise reducing function due to an
increase in the distance to the inverter module, which is a
noise source, and so on.

Furthermore, although the configuration disclosed in
Patent Literature 3 can make the inverter compact by accom-
modating the smoothing capacitor and the filter capacitor in
the inverter module, the electrical connections between the
smoothing capacitor and the filter capacitor use a lead frame
or a busbar, which cannot solve the above problems due to the
use of the busbar.

The present invention is made in consideration of such
circumstances, and an object thereof is to provide an inverter
and an integrated-inverter electric compressor in which no
busbar is used so that the manufacturing process can be sim-
plified, the influence on the size of the inverter can be reduced,
the noise reducing function can be enhanced, and the cost can
be reduced.

Solution to Problem

To solve the problems described above, an inverter and an
integrated-inverter electric compressor according to the
present invention employ the following solutions.

Specifically, an inverter according to a first aspect of the
present invention is an inverter in which a noise reducing coil
and a smoothing capacitor are provided on power lines to an
inverter module including a power system board that converts
DC power supplied from a power source to AC power and
supplies the AC power to an electric motor and a control board
that controls the AC power to be applied to the electric motor,
wherein the smoothing capacitor is electrically connected, on
the inverter module, to the power lines in parallel with the
power system board; and the noise reducing coil is connected
to the power line by directly connecting an output lead wire
thereof to P-N terminals of the inverter module.

According to the first aspect of the present invention, since
the smoothing capacitor is electrically connected, on the
inverter module, to the power line in parallel with the power
system board, and the output lead wire of the noise reducing
coil is connected to the power lines by directly connecting to
the P-N terminals of the inverter module, the electrical con-
nections among the inverter module, the smoothing capacitor,
and the noise reducing coils can be made without a relay
busbar by using the output lead wires of the noise reducing
coils. This can therefore achieve a no-busbar configuration to
simplify the manufacturing process, such as the mounting
process, due to a decrease in solder portions, fewer restric-
tions in mounting the inverter in terms of insulating perfor-
mance (an increase in creeping distance), reduction in the size
of the inverter, and enhanced noise reducing function by
reducing the distance to the inverter module, which is a noise
source, and reduction of the cost by eliminating the busbar.

In the inverter according to the first aspect of the present
invention, preferably, the noise reducing coil includes at least
two coils, that is, a common mode coil and a normal mode
coil, and is connected to the power lines by directly connect-
ing individual output lead wires of the common mode coil and
the normal mode coil to the P-N terminals of the inverter
module.

With this configuration, since the noise reducing coil is
composed of at least two coils, that is, the common mode coil
and the normal mode coil, and is connected to the power lines
by directly connecting individual output lead wires of the
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common mode coil and the normal mode coil to the P-N
terminals of the inverter module, common mode noise can be
reduced by providing the common mode coil as a noise reduc-
ing coil, and the electrical connections among the inverter
module, the smoothing capacitor, the normal mode coil, and
the common mode coil can be made without a relay busbar by
using the output lead wires of the normal mode coil and the
common mode coil. Accordingly, also in the case where the
noise reducing coil is composed of at least two coils, that is,
the common mode coil and the normal mode coil, the relay
busbar can be eliminated to achieve a no-busbar configura-
tion.

Furthermore, in the inverter according to the first aspect of
the present invention, preferably, the normal mode coil is
provided, downstream of the common mode coil, at each of
the P-pole side and the N-pole side of the power lines and is
connected to the power line by directly connecting individual
output lead wires of the normal mode coil to the P-N terminals
of the inverter module.

With this configuration, the normal mode coil is provided,
downstream of the common mode coil, at each of the P-pole
side and the N-pole side of the power lines and is connected to
the power lines by directly connecting individual output lead
wires of the normal mode coil to the P-N terminals of the
inverter module. Therefore, also in the case where the normal
mode coil is divided into two and provided, downstream of
the common mode coil, at each of the P-pole side and the
N-pole side of the power line, the electrical connections
among the inverter module, the smoothing capacitor, and the
normal mode coils can be made with a relay busbar by using
the output lead wires of the normal mode coils. Accordingly,
also in the case where the two-divided normal mode coils are
provided downstream of the common mode coil, the relay
busbar can be eliminated to achieve a no-busbar configura-
tion.

Furthermore, in the inverter according to the first aspect of
the present invention, preferably, the common mode coil and
the normal mode coil are connected to the power lines by
connecting two input lead wires of the common mode coil via
a plurality of connection terminals provided at a terminal
block to which power cables are connected and by electrically
connecting the common mode coil and the normal mode coil.

With this configuration, since the common mode coil and
the normal mode coil are connected to the power lines by
connecting two input lead wires of the common mode coil via
a plurality of connection terminals provided at a terminal
block to which power cables are connected and by electrically
connecting the common mode coil and the normal mode coil,
the electrical connections among the inverter module, the
smoothing capacitor, the normal mode coil, and the common
mode coil can be made without a relay busbar by using the
terminal block and the input and output lead wires of the coils.
This can therefore completely eliminate the relay busbar
between the terminal block to which the power cables are
connected and the P-N terminals of the inverter module, thus
achieving a no-busbar configuration.

Furthermore, in the inverter according to the first aspect of
the present invention, preferably, the smoothing capacitor is
disposed on the power system board, which, of the control
board and the power system board disposed at the upper and
lower positions in the inverter module, is the one disposed at
the lower side.

With this configuration, since a flat thin-film capacitor in
which, for example, plastic films are laminated, is used as the
smoothing capacitor, and the smoothing capacitor is disposed
on the power system board, which, of the control board and
the power system board disposed at the upper and lower
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positions in the inverter module, is the one disposed at the
lower side, the smoothing capacitor can be accommodated in
the inverter module using the space between the upper control
board and the lower power system board. This can therefore
make the inverter more compact.

Furthermore, in the inverter according to the first aspect of
the present invention, preferably, the smoothing capacitor is
disposed on the control board, which, of the control board and
the power system board disposed at the upper and lower
positions in the inverter module, is the one disposed at the
upper side.

With this configuration, since a flat thin-film capacitor in
which, for example, plastic films are laminated, is used as the
smoothing capacitor, and the smoothing capacitor is disposed
on the control board, which, of the control board and the
power system board disposed at the upper and lower positions
in the inverter module, is the one disposed at the upper side,
the smoothing capacitor can be accommodated in the inverter
module using a space on the control board. This can therefore
make the inverter more compact.

Furthermore, in the inverter according to the first aspect of
the present invention, preferably, at lead-wire solder portions,
the P-N terminals and/or the plurality of connection terminals
of the terminal block are provided with swaged portions, at
which the lead wires of the common mode coil and/or the
normal mode coil are swaged.

With this configuration, since the P-N terminals of the
inverter module and/or the plurality of connection-terminal
solder portions of the terminal block, to which the lead wires
of the common mode coil and the normal mode coil are
connected, are provided with swaged portions at which the
lead wires are swaged, the lead wires of the common mode
coil and/or the normal mode coil can be swaged and then
soldered to the solder portions. This can therefore ensure and
strengthen the solder joint to enhance the reliability and facili-
tate the soldering work itself.

Furthermore, an integrated-inverter electric compressor
according to a second aspect of the present invention is pro-
vided with an inverter accommodating section on the periph-
ery of a housing, in which the inverter according to one of the
above is integrally incorporated in the inverter accommodat-
ing section.

According to the second aspect of the present invention,
since the inverter according to one of the above is integrally
incorporated in the inverter accommodating section provided
on the periphery of the housing, the volume of the inverter
accommodating section can be reduced by an amount corre-
sponding to the size-reduction of the inverter. This can there-
fore reduce the size of the integrated-inverter electric com-
pressor itself and improve the ease of installation in vehicles.

Furthermore, in the integrated-inverter electric compressor
according to the second aspect of the present invention, pref-
erably, the inverter accommodating section is divided into a
first inverter accommodating section in which the inverter
module is accommodated and a second inverter accommo-
dating section in which the noise reducing coil is accommo-
dated.

With this configuration, since the inverter accommodating
section is divided into the first inverter accommodating sec-
tion in which the inverter module is accommodated and the
second inverter accommodating section in which the noise
reducing coil is accommodated, the flexibility of placement
of the inverter accommodating section provided on the
periphery of the housing can be increased. This allows the
first inverter accommodating section that accommodates the
inverter module having a large planar area and the second
inverter accommodating section that accommodates the noise
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reducing coil, which is a high-voltage component, to be indi-
vidually disposed at the most suitable positions to make the
integrated-inverter electric compressor itself compact, and
can reduce the influence of self noise due to the high-voltage
components, thereby enhancing the reliability.

Furthermore, in the integrated-inverter electric compressor
according to the second aspect of the present invention, pref-
erably, the first inverter accommodating section is provided
on the upper surface of the housing, and the second inverter
accommodating section is provided at a side of the housing.

With this configuration, since the first inverter accommo-
dating section is provided on the upper surface of the housing,
and the second inverter accommodating section is provided at
a side of the housing, the separated first inverter accommo-
dating section and second inverter accommodating section
can be disposed next to each other. Accordingly, this allows
the electrical connections between the inverter module
accommodated in the first inverter accommodating section
and the noise reducing coil and so on accommodated in the
second inverter accommodating section to be made easily,
and the inverter to be incorporated compactly in a distributed
manner so as to surround the periphery of the housing, thus
further reducing the external form of the integrated-inverter
electric compressor.

Advantageous Effects of Invention

With the inverter according to the first aspect of the present
invention, since the electrical connections among the inverter
module, the smoothing capacitor, and the noise reducing coil
can be made without a relay busbar by using the output lead
wire of the noise reducing coil, this can therefore achieve a
no-busbar configuration to simplify the manufacturing pro-
cess, such as the mounting process, due to a decrease in solder
portions, fewer restrictions in mounting the inverter in terms
of insulating performance (an increase in creeping distance),
reduction in the size of the inverter, and enhanced noise
reducing function by reducing the distance to the inverter
module, which is a noise source, and reducing the cost by
eliminating the busbar.

With the integrated-inverter electric compressor according
to the second aspect of the present invention, since the volume
of the inverter accommodating section, that is, the external
form of the housing, can be reduced by an amount corre-
sponding to the size-reduction of the inverter, the size of the
integrated-inverter electric compressor itself can be reduced,
and the ease of installation in vehicles can be improved.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an external perspective view of the principal parts
of an inverter and an integrated-inverter electric compressor
according to a first embodiment of the present invention.

FIG. 2 is an external perspective view of the inverter incor-
porated in the integrated-inverter electric compressor shown
in FIG. 1.

FIG. 3 is an external perspective view of the inverter shown
in FIG. 2, with the control board removed.

FIG. 4 is an exploded perspective view of a terminal block
and high-voltage components of the inverter shown in FIG. 2,
as viewed from another angle.

FIG. 5A is a front view of the terminal block and the
high-voltage components of the inverter shown in FIG. 2.

FIG. 5B is a side view of the terminal block and the high-
voltage components of the inverter shown in FIG. 2.

FIG. 6A is a perspective view of the terminal block and the
high-voltage components of the inverter shown in FIG. 2.
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FIG. 6B is a front view of the terminal block and the
high-voltage components of the inverter shown in FIG. 2.

FIG. 6C is a side view of the terminal block and the high-
voltage components of the inverter shown in FIG. 2.

FIG. 7A is a front view of the normal mode coil of the
inverter shown in FIG. 2.

FIG. 7B is a side view of the normal mode coil of the
inverter shown in FIG. 2.

FIG. 8A is a front view of the common mode coil of the
inverter shown in FIG. 2.

FIG. 8B is a side view of the common mode coil of the
inverter shown in FIG. 2.

FIG. 9is an external perspective view of an inverter accord-
ing to a second embodiment of the present invention.

DESCRIPTION OF EMBODIMENTS

Embodiments according to the present invention will be
described hereinbelow with reference to the drawings.
{First Embodiment}

A first embodiment of the present invention will be
described below using FIGS. 1 to 8B.

An integrated-inverter electric compressor 1 includes a
cylindrical housing 2 that forms the outer shell thereof. The
housing 2 is configured such that a motor housing accommo-
dating an electric motor and a compressor housing accom-
modating a compression mechanism, the housings being
formed by aluminum die casting, are fastened together with
bolts. In this embodiment, only the motor housing side is
illustrated.

The electric motor and the compression mechanism (not
shown) accommodated in the housing 2 are joined together
via a motor shaft and are configured such that the compres-
sion mechanism is driven by the rotation of the electric motor.
A refrigerant intake port 3 is provided at the rear end of the
housing (motor housing) 2 (at the right in FIG. 1), and low-
pressure refrigerant gas taken into the housing 2 through the
refrigerant intake port 3 flows around the electric motor in the
direction of the motor axis and is then taken into the com-
pression mechanism, where it is compressed. The high-tem-
perature, high-pressure refrigerant gas compressed by the
compression mechanism is discharged into the housing (com-
pressor housing) 2 and is then expelled outside through a
discharge port (not shown) provided at the front end of the
housing (compressor housing) 2.

The housing 2 has mounting legs 4 at three positions, for
example, on the bottom at the rear end, on the bottom at the
front end, and on the top. The integrated-inverter electric
compressor 1 is installed in a vehicle by being fixed to a
bracket that is provided on a side wall or the like of the vehicle
via the mounting legs 4 with bolts or the like. The integrated-
inverter electric compressor 1 is generally cantilevered at
three upper and lower points, with one side surface disposed
along the bracket and the motor axis oriented in the front-to-
back direction or the left-to-right direction of the vehicle.

A first inverter accommodating section 5 that is substan-
tially rectangular in plan view is integrally formed on the top
of the peripheral surface of the housing 2. This first inverter
accommodating section 5 has a box structure that is open at
the top and is surrounded by a peripheral wall with a prede-
termined height and is configured such that an inverter mod-
ule 11 of an inverter 10, to be described later, is accommo-
dated therein, and the top is sealed with a cover (not shown).

A flange 6A that constitutes a second inverter accommo-
dating section 6 is integrally formed on a side surface of the
housing 2, and the flange 6A is securely mated with a small
case (not shown), with fastening bolts, that constitutes the
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second inverter accommodating section 6 accommodating
high-voltage components of the inverter 10, such as a termi-
nal block 12 and a common mode coil 13 and normal mode
coil 14 serving as noise reducing coils, to be described later.
The second inverter accommodating section 6 and the first
inverter accommodating section 5 communicate with each
other, at the housing 2 side, for power line wiring.

The inverter 10 accommodated in the two-divided first
inverter accommodating section 5 and second inverter
accommodating section 6 is constituted by the inverter mod-
ule 11 accommodated in the first inverter accommodating
section 5, and the high-voltage components connected to the
power lines, such as the terminal block 12, the common mode
coil (noise reducing coil) 13, and the normal mode coil (noise
reducing coil) 14, accommodated in the second inverter
accommodating section 6.

As shown in FIGS. 2 and 3, the inverter module 11 includes
a power system board 15 formed of an aluminum plate or the
like on which a switching circuit constituted by a plurality of
semiconductor switching devices, such as IGBTs, and so on
are installed and which converts DC power to three-phase AC
power and applies the power to the electric motor; a plastic
case 16 in which the power system board 15 is integrated by
insert forming; a smoothing capacitor (head capacitor) 17
disposed on the power system board 15 and electrically con-
nected to the power lines in parallel with the power system
board 15; and a control board 18 on which a control and
communication circuit or the like constituted by devices oper-
ated at a low voltage, such as a CPU, is mounted and which
controls AC power applied to the electric motor.

The plastic case 16 has, in addition to the power system
board 15, a pair of P-N terminals 19 to which the power lines
are connected, U-V-W terminals 20 that apply three-phase
AC power to the electric motor via glass-sealed terminals, and
a large number of connection terminals 21 that connect
between the power system board 15 and the control board 18,
which are integrated by insert forming, and the control board
18 is disposed on the top of the plastic case 16 via the large
number of connection terminals 21. Examples of the smooth-
ing capacitor 17 include a flat thin-film capacitor in which
plastic films are laminated or a flat thin ceramic capacitor.

The plastic case 16 has a substantially rectangular shape
and has the P-N terminals 19 protruding from one side next to
the second inverter accommodating section 6 and has the
U-V-W terminals 20 protruding from a front side next thereto.
Furthermore, securing legs 22 that are fastened to the bottom
of the inverter accommodating section 5 with bolts are inte-
grally formed at the four corners of the plastic case 16, and the
inverter module 11 is fixed inside the inverter accommodating
section 5 with the securing legs 22.

The terminal block 12, the common mode coil 13, and the
normal mode coil 14, which are high-voltage components,
accommodated in the second inverter accommodating sec-
tion 6 are mounted via the terminal block 12, as shown in
FIGS. 5A and 5B, and are thereafter incorporated in the
second inverter accommodating section 6. As shown in FIGS.
6A to 6C, the terminal block 12 is a plastic member config-
ured such that connectors of P-side and N-side power cables
can be connected thereto with bolts, and this terminal block
12 is provided with four, first to fourth, connection terminals
23 10 26 so as to protrude from the main body.

The first connection terminal 23 and the second connection
terminal 24 are integrated with terminals to which connectors
of'two power cables are connected so that two input lead wires
27 and 28 of the common mode coil 13 are connected thereto,
respectively. The third connection terminal 25 and the fourth
connection terminal 26 are connected together. The third
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connection terminal 25 is connected to one lead wire 29 of
two output lead wires 29 and 30 of the common mode coil 13,
and the fourth connection terminal 26 is connected to an input
lead wire 31 of the normal mode coil 14. The soldered con-
nections of the first to fourth connection terminals 23 to 26 to
the respective lead wires 27 to 29 and 31 of the common mode
coils 13 and the normal mode coil 14 are provided with
cylindrical swaged portions 23A to 26A where the individual
lead wires are swaged.

The common mode coil (noise reducing coil) 13 is formed
into a cylindrical shape by winding two wires around one core
formed of ferrite, an amorphous material, or the like and has
the two input lead wires 27 and 28 and the two output lead
wires 29 and 30, as shown in FIG. 8A and FIG. 8B. The
normal mode coil (noise reducing coil) 14 is formed by wind-
ing a wire around a ring-shaped core and has the input lead
wire 31 and an output lead wire 32, as shown in FIG. 7A and
FIG. 7B. Furthermore, the pair of P-N terminals 19 at the
inverter module 11 side are provided with cylindrical swaged
portions 19A and 19B at which the output lead wire 32 of the
normal mode coil 14 and the output lead wire 30 of the
common mode coil 13 are swaged.

As shown in FIG. 4, the terminal block 12, the common
mode coil 13, the normal mode coil 14, and the inverter
module 11 are configured such that the input lead wires 27
and 28 of the common mode coil 13 are swaged and soldered
to the swaged portions 23A and 24A of the first connection
terminal 23 and the first connection terminal 24 of the termi-
nal block 12, respectively, to which the P-side and N-side
power cables are connected, and the output lead wire 29 of the
common mode coil 13 and the input lead wire 31 of the
normal mode coil 14 are swaged and soldered to the swaged
portions 25A and 26 A of'the third connection terminal 25 and
the fourth connection terminal 26, respectively.

Furthermore, the other output lead wire 30 of the common
mode coil 13 and the output lead wire 32 of the normal mode
coil 14 are routed through a communicating portion that
communicates from the second inverter accommodating sec-
tion 6 to the first inverter accommodating section 5 and are
swaged and soldered to the swaged portions 19B and 19A of
the pair of P-N terminals 19 of the inverter module 11 at the
first inverter accommodating section 5 side so as to be elec-
trically connected to the power lines.

With the configuration described above, this embodiment
provides the following operational advantages.

High-voltage DC power supplied from a power unit
installed in the vehicle to the integrated-inverter electric com-
pressor 1 through a voltage cable is input to the terminal block
12 of the inverter 10. The DC power is input to the two input
lead wires 27 and 28 of the common mode coil (noise reduc-
ing coil) 13 via the first connection terminal 23 and the second
connection terminal 24 of the terminal block 12, passes
through the normal mode coil (noise reducing coil) 14, and is
then input to the pair of P-N terminals 19 at the inverter
module 11 side through the output lead wire 30 of the com-
mon mode coil 13 and the output lead wire 32 of the normal
mode coil 14.

The DC power input to the P-N terminals 19 of the inverter
module 11 is input to the switching circuit on the power
system board 15 through the smoothing capacitor 17, during
which common-mode noise and current ripples are reduced
by the common mode coil 13, the normal mode coil 14, and
the smoothing capacitor 17. The DC power input to the power
system board 15 is converted to three-phase AC power with an
instructed frequency by the switching operation of the semi-
conductor switching devices on the power system board 15
controlled on the basis of a command signal transmitted from
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a higher-level control unit to the control board 18. The three-
phase AC power is applied from the U-V-W terminals 20
connected to the power system board 15 to the electric motor
in the housing 2 through the glass-sealed terminals. Thus, the
electric motor is rotationally driven at the instructed fre-
quency to operate the compression mechanism.

By the operation of the compression mechanism, low-
temperature refrigerant gas is taken into the housing (motor
housing) 2 through the refrigerant intake port 3. The refrig-
erant flows around the electric motor in the direction of the
motor axis and is taken into the compression mechanism,
where it is compressed to a high-temperature, high-pressure
state and is then discharged into the housing (compressor
housing) 2 and is expelled to the outside of the electric com-
pressor 1 through the discharge port. During this process, the
low-temperature, low-pressure refrigerant gas taken in
through the refrigerant intake port 3 to one end of the housing
(motor housing) 2 and made to flow in the direction of the
motor axis forcedly cools the heat-generating components,
such as the semiconductor switching devices (IGBTs) and
high-voltage components, accommodated in the first and sec-
ond inverter accommodating sections 5 and 6 via the wall
surface of the housing 2, thereby enhancing the heat-resisting
performance of the components.

In the inverter 10, of the common mode coil 13, the normal
mode coil 14, and the smoothing capacitor 17 connected to
the power lines, the smoothing capacitor 17 is electrically
connected to the power lines on the inverter module 11 in
parallel with the power system board 15. The common mode
coil 13 and the normal mode coil 14 are connected to the
power line by directly connecting the input lead wires 27, 28,
and 31 and the output lead wire 29 to the first to fourth
connection terminals 23, 24, 25, and 26 provided at the ter-
minal block 12 to which power cables are connected and by
directly connecting the output lead wire 30 of the common
mode coil and the output lead wire 32 of the normal mode coil
to the pair of P-N terminals 19 at the inverter module 11 side.

Thus, by disposing the smoothing capacitor 17 on the
inverter module 11 and directly connecting the output lead
wires 30 and 32 of the common mode coil 13 and the normal
mode coil 14 to the pair of P-N terminals 19 at the inverter
module 11 side, the electrical connections among the inverter
module 11, the smoothing capacitor 17, and the normal mode
coil 14 and the common mode coil 13, which are noise reduc-
ing coils, can be made without a relay busbar. This can there-
fore achieve a no-busbar configuration to simplify the manu-
facturing process, such as the mounting process, due to a
decrease in solder portions, fewer restrictions in mounting the
inverter in terms of insulating performance (an increase in
creeping distance), reduction in the size of the inverter, and
enhanced noise reducing function by reducing the distance to
the inverter module 11, which is a noise source, and reduction
of the cost by eliminating the busbar.

Furthermore, since the common mode coil 13 and the
normal mode coil 14 are connected to the power lines in such
a manner that the two input lead wires 27 and 28 of the
common mode coil 13 are connected thereto, and the output
lead wire 29 of the common mode coil 13 and the input lead
wire 31 of the normal mode coil 14 are electrically connected
via the plurality of first to fourth connection terminals 23 t0 26
of the terminal block 12 to which the power cables are con-
nected, the electrical connections among the inverter module
11, the smoothing capacitor 17, the normal mode coil 14, and
the common mode coil 13 can be made without a relay busbar
by using the terminal block 12 and the input and output lead
wires 27 to 32 of the noise reducing coils 13 and 14. Accord-
ingly, the relay busbar between the terminal block 12 to which
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the power cables are connected and the P-N terminals 19 of
the inverter module 11 can be completely eliminated, and
thus, a no-busbar configuration can be achieved.

Furthermore, since a flat thin-film capacitor in which, for
example, plastic films are laminated, is used as the smoothing
capacitor 17, and the smoothing capacitor 17 is accommo-
dated in the inverter module 11 using the space between the
control board 18 and the power system board 15 disposed at
upper and lower sides in the inverter module 11, the inverter
10 can be made more compact. This can reduce the volume of
the first inverter accommodating section 5 and the second
inverter accommodating section 6 provided on the periphery
of'the housing 2, thereby reducing the size of the integrated-
inverter electric compressor 1 itself and improving the ease of
installation in vehicles.

Furthermore, since the solder portions of the first to fourth
connection terminals 23 to 26 of the terminal block 12 to
which the lead wires 27 to 32 of the common mode coil 13 and
the normal mode coil 14, which are noise reducing coils, are
connected, and the P-N terminals 19 of the inverter module 11
are provided with the cylindrical swaged portions 23A to 26 A
and swaged portions 19A and 19B in which the individual
lead wires 27 to 32 are inserted and swaged, and the lead wires
27 to 32 of the common mode coil 13 and the normal mode
coil 14 are swaged and then soldered to the solder portions, a
solder joint can be ensured and strengthened, and thus, the
reliability can be enhanced and the soldering work itself can
be made easy.

Furthermore, since the inverter accommodating section is
divided into the first inverter accommodating section 5 in
which the inverter module 11 is accommodated and the sec-
ond inverter accommodating section 6 in which the terminal
block 12, the common mode coil 13, and the normal mode
coil 14 are accommodated, the first inverter accommodating
section 5 is provided on the top of the housing 2, and the
second inverter accommodating section 6 is provided on the
side of the housing 2 so that they are disposed next to each
other, the first inverter accommodating section 5 that accom-
modates the inverter module 11 having a large planar area and
the second inverter accommodating section 6 that accommo-
dates the high-voltage components, i.e. the terminal block 12,
the common mode coil 13, and the normal mode coil 14, can
be individually disposed at the most suitable positions, and
thus, the integrated-inverter electric compressor 1 itself can
be made compact, and an influence of self noise due to the
high-voltage components can be reduced, and thus, reliability
can be enhanced.

Furthermore, since the inverter module 11 accommodated
in the first inverter accommodating section 5 and the common
mode coil 13 and the normal mode coil 14 accommodated in
the second inverter accommodating section 6 are disposed
close to each other, the electrical connections therebetween
can be easily established, and the inverter 10 can be incorpo-
rated compactly in a distributed manner so as to surround the
periphery of the housing 2, and thus, the external form of the
integrated-inverter electric compressor 1 can be made
smaller.

{Second Embodiment}

Next, a second embodiment of the present invention will be
described using FIG. 9.

This embodiment differs from the foregoing first embodi-
ment in the placement of a smoothing capacitor (head capaci-
tor) 17A. Since the other features are the same as those of the
first embodiment, descriptions thereof will be omitted.

In this embodiment, as shown in FIG. 9, the smoothing
capacitor (head capacitor) 17A is a relatively small square
thin-film capacitor or thin ceramic capacitor and is disposed
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on the control board 18 in the inverter module 11. In this case,
the smoothing capacitor 17A is disposed such that the capaci-
tor terminals (not shown) extend downward through the con-
trol board 18 and are electrically connected to the power lines
on the power system board 15 in parallel with the power
system board 15.

By using, for example, a thin-film capacitor or thin ceramic
capacitor as the smoothing capacitor 17A and disposing the
smoothing capacitor 17A on the control board 18, which, of
the control board 18 and the power system board 15 disposed
at upper and lower positions in the inverter module 11, is the
one disposed at the upper side, in this way, the smoothing
capacitor 17A can be accommodated in the inverter module
11 using the space on the control board 18. This can also make
the inverter 10 compact, thereby reducing the size of the
integrated-inverter electric compressor 1 that incorporates the
inverter 10 and improving the ease of installation in vehicles,
as in the first embodiment described above.

{Third Embodiment}

Next, a third embodiment of the present invention will be
described.

Although the foregoing first and second embodiments are
configured such that the normal mode coil 14 is provided only
at the P-pole side of the power lines, the normal mode coil 14
may be divided into two and may be provided also at the
N-pole side, in which case, the normal mode coil 14 at the
N-pole side is also provided downstream of the common
mode coil 13, and thus, the P-N terminals 19 of the inverter
module 11 are connected to output lead wires 32 of the normal
mode coils 14 provided individually at the P-pole side and the
N-pole side of the inverter module 11.

With the above configuration, the electrical connection
between the other output lead wire 30 of the common mode
coil 13 and the input lead wire 31 of the normal mode coil 14
at the N-pole side can be established by providing the termi-
nal block 21 with a fifth connection terminal and a sixth
connection terminal (not shown) similar to the third connec-
tion terminal 25 and the fourth connection terminal 26.

Such an embodiment can also provide the same operational
advantages as those of the foregoing first and second embodi-
ments.

The present invention is not limited to the invention
according to the embodiments described above, and modifi-
cations can be made as appropriate without departing from
the spirit thereof. For example, in the above embodiments, the
compression mechanism of the integrated-inverter electric
compressor 1 may be any type of compression mechanism. It
is needless to say that the inverter 10 should be equipped with
the inverter module 11 formed of the power system board 15
and the control board 18, the smoothing capacitor 17, the
terminal block 12, the common mode coil 13, the normal
mode coil 14 and so on and may include other electrical
components. Furthermore, the noise-reducing common mode
coil 13 does not necessarily need to be integrally incorporated
in the electric compressor 1 side; an inverter having only the
normal mode coil 14 as a noise reducing coil is also included
in the present invention.

The first inverter accommodating section 5 and the second
inverter accommodating section 6 that accommodate the
inverter 10 may either be configured to be integrally formed
with the housing 2 or be configured such that a separately
formed case or the like is integrally fixed to the housing 2.
Furthermore, the cylindrical swaged portions 23 A to 26 A and
19A and 19B, provided at the first to fourth connection ter-
minals 23 to 26 ofthe terminal block 12 and/or the pair of P-N
terminals 19, at which the lead wires of the common mode
coil 13 and the normal mode coil 14 are swaged, do not

20

40

45

50

12

necessarily need to be cylindrical and may have any configu-
ration that enables the lead wires to be swaged.

Reference Sign List

1 integrated-inverter electric compressor

2 housing

5 first inverter accommodating section

6 second inverter accommodating section
10 inverter

11 inverter module

12 terminal block

13 common mode coil (noise reducing coil)
14 normal mode coil (noise reducing coil)
15 power system board

17, 17A smoothing capacitor

18 control board

19 P-N terminals

19A, 19B, 23A, 24A, 25A, 26 A swaged portion
23 first connection terminal

24 second connection terminal

25 third connection terminal

26 fourth connection terminal

27, 28 input lead wire of common mode coil
29, 30 output lead wire of common mode coil
31 input lead wire of normal mode coil

32 output lead wire of normal mode coil

The invention claimed is:

1. An inverter comprising:

a noise reducing coil;

a smoothing capacitor;

an inverter module that includes P-N terminals in which

DC power is input, a power system board and a control
board; and

a terminal block to which power cables from a power

source are connected and to which DC power supplied
from the power source is input, wherein

the power system board converts the DC power which has

been input to the P-N terminals to AC power and sup-
plies the AC power to an electric motor;

the control board controls the AC power to be applied to the

electric motor;

the smoothing capacitor is electrically connected, on the

inverter module, in parallel with the power system
board;

the noise reducing coil includes at least two coils, that is, a

common mode coil and a normal mode coil;

input lead wires of the common mode coil are directly

connected to the terminal block;

output lead wires of the common mode coil are directly

connected to the terminal block and the P-N terminals;
an input lead wire of the normal mode coil is directly
connected to the terminal block; and

an output lead wire of the normal mode coil is directly

connected to the P-N terminals wherein the normal
mode coil is provided, downstream of the common
mode coil, at each of the P-pole side and the N-pole side.

2. The inverter according to claim 1, wherein the smooth-
ing capacitor is disposed on the power system board, which,
of'the control board and the power system board disposed at
the upper and lower positions in the inverter module, is the
one disposed at the lower side.

3. The inverter according to claim 1, wherein the smooth-
ing capacitor is disposed on the control board, which, of the
control board and the power system board disposed at the
upper and lower positions in the inverter module, is the one
disposed at the upper side.
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4. The inverter according to claim 1, wherein

the terminal block has a plurality of connection terminals;

the P-N terminals and/or the plurality of connection termi-

nals are provided with swaged portions at lead-wire
solder portions to which the lead wires of the common
mode coil and/or the normal mode coil are connected;
and

the swaged portions swages the lead wires of the common

mode coil and/or the normal mode coil.

5. An integrated-inverter electric compressor provided
with an inverter accommodating section on the periphery of a
housing, in which the inverter according to claim 1 is inte-
grally incorporated in the inverter accommodating section.

6. The integrated-inverter electric compressor according to
claim 5, wherein the inverter accommodating section is
divided into a first inverter accommodating section in which
the inverter module is accommodated and a second inverter
accommodating section in which the noise reducing coil is
accommodated.

7. The integrated-inverter electric compressor according to
claim 6, wherein the first inverter accommodating section is
provided on the upper surface of the housing, and the second
inverter accommodating section is provided at a side of the
housing.
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